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(54) DrugHoadad atactic membrane and mathod for delivery 



(57) An expandable sheath is provided lor delivering 
a therapeutic drug in a body lumon which comprises an 
eipandabla membrane wnha therapeutic dnjq incorpo- 
rated therein. Tho oxpanaablo membrane is <n a cyirt- 
drical configuration and mounted on the balloon portion 
of h catheter lor intraluminal drug delivery intoa patients 



vascular system. Tho oxpandaoie mombmno may also 
ba mounted on an intravascular stent, both ol which are 
implanted within the patient's vascular system . The ther- 
apeutic drug then dflusca nto tho vascular system at a 
controlled rale to match a soecihc clnical need. 
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Description 

BACKGROUND OF THE INVENTION 

Field of (ha Invenuoo $ 

This invention rotate* generally 1o th« treatment of 
cardiovascular dtMtM such hi restenosis, acute 
thrombosis, intmal hyperplasia and subecute thrombo- 
sis. Mora particularly, (ha nventon relates to an expand- ro 
ablo membrano containing a therapeutic drug for ro- 
loaso hto a body lumen lor treating disease or jn|ury. 

Doscnplon ol Polalod Art 

IS 

Coronary devices havo matrttatnod unprocodentod 
qrewth throuqhoul Ihe 1980"6 and 1 990*8 such that cor- 
onary Angioplasty is commonplnco tor treatment of 
atherosclerotic vascular disease, in a typical percutane- 
ous transluminal coronary angioplasty (PTCA) proce- » 
dure, a guiding catheter having a preformed dicta) lip is 
percutaneously ntroduced into lha cardiovascular sys- 
tem through the brachial or (amoral arteries and is ad- 
vanced therein until the distal lip la in the ostium ol Ihe 
desired coronary artery. A guidowire and a dilatation « 
catheter having an inflatable balloon on the distal end 
thereof are introduced through the guiding catheter with 
the guide wire slidabfy dispceod within an inner lumen ol 
the dilataton catheter. The guidowire is first advanced 
out of the distal ond of the guiding catheter and is 
maneuvered into the patient's coronary vasculature 
containing the lesion to be dilated, and is then advanced 
beyond the lesion. Therealler, the dilatation catheter is 
advanced over the guidewire until the dilatation balloon 
is located across mo lesion. Once in position across tho 3S 
lesion, the balloon of the ddatation catheter a tilled with 
radiopaque liquid at a r datively high pressure (e g., 
greater than about lour atmospheres) and is inflated to 
a predetermined size to radially compress tho athero- 
sclerotic plaque ol the lesion against the inside of the *o 
nrl erial waP to (hereby dilate the lumen of the artery The 
balloon is then deflated so that 'he dilatation catheter 
can be removed and blood flow resumed through the 
dilated artery 

By way ol examole, lurther detail of the angioplasty *S 
procedure and the devices used in such procedures can 
bo found in U.S. Palont 4.323.071 (Simpson-flobort); 
U S, Patent No 4,439,185 (Lindquist); U.S. Patent No. 
4,516.972 (Samson) ; U.S. Patent No. 4,538.622 (Sam- 
son el fll ); U.S. PalBnt No. 4,554,929 (Samson et Hi.); so 
U.S. Patent No. 4,616.652 (Simpson) ; U.S. Patent No. 
4,638.805 (Powell): and U.S. Patent No 4.748,982 
{Horzewski et al ) which are hereby incorporated herein 
tn their entirety by reference thereto. 

A common problem that somoiimos occurs aft or an « 
angioplasty procedure s tho appearance of restenosis 
at or near the site of the original stenosis in the blood * 
vessel which rcqutros a secondary angioplasty proce- 



dure ora bypass surgery. Numerous approaches Devel- 
oped dunng tho tato 1 SBC's to treat restenosis of the cor- 
onary ananas in an attempt to decrease the mcidencs 
of acuta complcatione and the chronic restenosis rate 
For example, in ine pror ad are mechanical approaches 
such as atherectomy slents, luaei angioplasty, and the 
HpplcatKnotpnarmacoiogtc agents Of the mechanical 
approaches described, only stats have been most prom- 
ising to prevent restenosis and to proven! elastic recoil 
of the vascular wall. 

In expandable stents that are dosvorod with ex- 
pandable catheters, such as balloon catheters, the 
stents are positioned over tho balloon portion of the 
catheter and are oxpandod Irom a reduced dtamolor to 
an enlarged diameter, greater than or equal to the diam- 
eter of tho artonal wall, by »itlat»>g tho balloon from with- 
in the stent Slants of this type can be expanded to an 
enlarged diameter by dolorming the stent and expand- 
ing it into engaoament with the vascular wall. It is com- 
mon tor stents ol Ihis type to experience endothelial 
growth over and around Iho stent. Example* of such ex- 
pandable cathotors and stents are dsctosad m U. S. Pat- 
ent No. 5.102.417 (Palmaz). U.S. Patont No. 5.123.917 
(Laa), and U.S. Pulonl No 5,133,732 (Wiklor), when 
aro hereby incorporated horon w\ their ontiroty. Unfor- 
tunately, the stents that are currently being implanted 
are reported to havo a lairty high restenosis rate, in the 
seven to forty percent range. With this rotatrvofy high 
restenosis rate, mere has developed a need (or some 
means ol reducing tho rostenosts rate when using a 
stent, and hmiting recurrenl stenosis even when a stenl 
Is not used. 

SUMMARY OF THE INVENTION 

Particular embodiments ol the mention are direct- 
ed to an expandable membrane lor use in delivering a 
therapeutic drug in a body lumen. One of the primary 
advantages of these crrrixxArnonts is to provide local do- 
livery of a therapeutc drug to eliminate the need tor sys- 
temic delivery which may have undesirable side effects. 
Local delivery of a drug can be accomplished using a 
drug loaded expandable membrane carried by a pat- 
lusion typo catheter system (non implantable) or by 
loading the memorane on a stent lor implantnq n a ves- 
sel. The drug release from the expandable membrane 
can bo coniroHod to match a partcular clinical nood or 
specific condition such as restenosis or acute thrombo- 
sis. 

The expandable sheath ol » proferred embodiment 
comprises an expandable membrane in the form ol a 
lubuUrorcylmdrcai memberhavingiicavrty lor carrying 
a drug or wnicn carries the drug n the (orm of a matrix. 
A therapeutic drug ts loaded in the expandable mem- 
brane so thai t can diffuse outwardly into the vessel wall 
onco tho expandable membrane is doirvorod to Iho site 
where a PTCA procedure has occurred. The expanda- 
ble membrane is mounted on the dtstal end ot a catheter, 



and more specifically on an expandable portion (bal- 
loon) by sliding or strotchmg tho cxpanoablo membrane 
around lha expandable portion ot Ihe catheter. 

in one embodiment, the membrane may be in the 
lorm ot a flat sheet wtlh a lirst and second edge which 
overlap and are atlached lo each other so as to lorm a 
sleeve around the expandable portion of the catheter 
In an aflamativa embodimenl, the membrane is in the 
form of a seamless tube carried by tho catheter. The 
catheter is then delivered intmluminaly to the area 
whero tho diseased or injured area has occurred and 
tho expandable portion of the catheter is expended such 
that it also expands tho expandable membrane . Onco 
oxpandod. tho thorapoutic drug dillusos tnlo tho vossol 
waH for treating the injured or diseased area. Thereafter, 
tho expandable port on of tho cathetor is dotlalod and 
the catheter and expandable membrane are withdrawn 
Irom the vasculature. 

in another embodiment of the invention, the ex- 
pandable membrane has a first layer and a second layer 
which are affixed to each other by sealing the edges of 
oach layer. A cavily or reservoir is formed between the 
two layers for containing a therapeutic drug. Prior to at- 
taching the two layers, Ihe lirst elastic layer is stretched 
and driHod with a plurality of mcro-hoios or aporturos 
through which the therapeutic drug can pass. Thereaf- 
ter, tho first layer and second layer arc affixed to each 
other as doscrfcod. and a therapeutic drug is injected 
inlo the cavity between the (wo layers through any ol the 
plurality ol aporturos. Whon tho expandable membrane* 
is in its relaxed condition, the plurality of apertures dose 
tightly so thai no therapeutic drug can pass (here- 
through. The expandable membrane is then rotted onto 
lha balloon portion of Ihe catheter lo form a cylndrcal 
configuration and is dolrvorcd intraluminaty as do- 
se nbedabova. The rial sheel is rolled mlo a cylinder and 
tho odgos aro joined by wolding. adhesive, etc, The bal- 
loon portion of tho catheter is expanded thereby ex- 
panding tho expandable membrane and forcing tho 
thorapeirtic drug through the plurality of apertures and 
into contact with the vessel wall al the site ot the rjured 
or diseased area After the therapeutic drug has been 
delivered Ihe balloon portion of the catheter is deflated 
and tho catheter and expandable membrano aro with- 
drawn from Ihe vasculature. Instead of formmq the ex- 
pandable membrano from Mat sheets, this cmbodtmont 
may also bo BChtovod with I wo tubular members, ono 
wrthn the other, to form a cavity between the layers. The 
ends are sealed and laser micro-holes are drilled into 
tho outer layer lo allow tho therapeutc drug lo pass 
therethrough. The tubular members also may have a 
drug incorporated n (he polymer material in the form ot 
a matrix which allows the drug to diffuse into the vessel 
wal over time. 

In another embodiment ot the invention, tho ex- 
pandable membrano is in (ho form ol a flat shoal and 
having a thickness h the range ol 0 002-0 020 inches. 
A plural rty of micro-pockets are drilled into tho outer sur- 



face of the expandable membrane, but are not dot led all 
tho way through eo as to form a hoto. Tho mcro-poe tots 
are dnlted white ihe membrane ts n its stretched poar- 
non. Thereafter, a therapeutic drug is loaded hto the 

4 various mcro-pockels and Ihe membrane m relaxed so 
that Ihe pockets dose wilh Ihe therapeutic drug inside. 
The elastic membrane can then be rolled into a cylindri- 
cal form and mounted on a catheter for delivery to ihe 
diseased or injured area When the expandable menv 

io brane is expanded by tho balloon portion of the catheter, 
tho micro-pockots open and tho thorapoutic drug is de- 
livorod to tho diseased or injured area. After the thera- 
peutic drug has boon delivered, tho balloon porton of 
(ho cathetor w donated and thocstftotor and expandable 

ts membrane are withdrawn from the patient. 

In yet another cmbodrmont ot tho mention, an in- 
travascular stent ts mounted on the balloon portion of a 
catheter so that It may bo implanted in a convent a nal 
manner within the vasculature. An expandable mem- 

20 brane having a therapeutic drug contained therein, in 
tho lorm of a matrix, is mounted on trio outer surface of 
Iho stent and Ihe catheter, stent, and expandable mem- 
brane are delivered immluminally to the injured or dis- 
eased area. As the balloon is expanded, It forces the 
stont radially outwardly along wrth tho expandable mom- 
brans and into contact with the vessel wall The balloon 
portion of tho catheter h then deflated and the catheter 
and balloon withdrawn from tho vasculature leaving the 
intravascular stent and expandable membrane imptant- 

30 cd at tho injured or diseased area. Thereafter, too ther- 
apeutic drug will diffuse from the matrix into the vessel 
wall to provide treatment h an effort to reduce the he*- 
donee of restenosis. 

In both the reservoir or matrix form of drug dertvery. 
tho thorapoutic drug may be retained n various struc- 
tures mctuding microspheres, sheets, tubes and eo 
forth. 

The expandable membrane may be deployed in a 

body lumen through a varioty of devices, indudmg, but 
*° not limited to. balloon catheters and specialized devces 
which cm deliver a stent within a body lumen. These 
and other advantages of the invention wil become more 
apparent from the loHowing detailed description thereof 
when taken n conjunction with the accompanying ex- 
's emplary drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 ts a top view of an expandable mem- 
» brane embodying the invention prior to rolling tito 
a cylndricaJ configuration; 

FIG. 2A is a perspective view of ihe expandable 
membrane of FIG. 1 in its rolled up condrtion with 
ss it s first odgo an ached to tho second edge In an over- 
lapping relationship; 

FIG 29 a a perspective view depicting tho elastic 
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ncrnorane n a nolow tubular form thai is seamless: 

RG 3 depcls a partial cross-sectional view of an 
e evaoon of a rapid exchange catneter system hav- 
mg a stent mounted on a balloon with the expand- * 
-itie membrane mounted over (he stent: 

FIG 4A is a partial cross-tectioruil view depicting 
an cvar-the-wire catheter system having a stent 
nounted on the baloon portion of the catheter and to 
an expandable membrane mounted over the stent; 

fig 4B is a partial cross-sectionaJ view of a pcr- 
i jston-tvpo calholer systam having a stent mounlod 
on ifio balloon portion of the catheter and an '« 
c*E>anaaolo membrane over the stent 



holes tightly closed thereby containing the drug 
within tho drug rilled rosorvotr; 

FIG II A is a perspective viaw ot an expandable 
membrane having an mar lube Bnd an ouler tube 
with a drug receiving cavity in between Ihe two 
tubes; 

FIG. 12 is a perspective view of the expandable 
membrane having r plurality ot micro-pockets lor 
receiving a therapeutic drug and 

FIG 13 is a porspectivo view of tho expandable) 
membrane ol FIG. 12 n its rollod up condition in a 
cylindrical form with the micro-pockets tightly 
closed and m an unexpended condition. 



FIG 5 is An elovntional view depicting the rapid 
exchange catheter system ol FIG 3 wherein the 
£ lent mounted on the balloon port ton ol the catheter 
has a spoalc conjuration and the expandable 
nemorane ts mounted over Ihe slant: 

FIG. 5A is a cross- seel iona I view taken along line 
5A-5A dopctng tho expandable membrane ovor 
ns stent and balloon portion o) the catheter 

FIG. 6 ts a partial cross-sectional view ot tho cath- 
eter delivery system and stent with the membrane 
nounted on tho stent being transluminal ly delivered 
withn the patient's vasculature; 

FIG. 7 is a partial cross -sectional view of the balloon 
portion of Ihe catheter expanding the stent and the 
expandable membrane within tho patients vascu- 
lature; 

FIG. S is a partial cross-sectional view ol an intra- 
vascular stent and an expandabie membrano 
•roomed against the patient's vessel wait 

FIG 6A is a cross-sectional view taken along line 
SA-eA depcimg Ihe expandable membrane and 
stent expanded and n contact with the vessel wall; 

FIG 9 is a perspective view of tho expandable 
rtcmsrano who rem tho ftrst lay or and tho second 
layer are spaced apart prior toaffixng the edges to 

oacn other; 

FIG 10 is the expandable membrane of FIG. 9 
*n«ren the lirst lay or and the second layer have 
fcsen tomed and the plurality of holes are closed 
since the membrane is in its relaxed condition; 

RG. 11 is a porspoclivo viow ol Iho oxpandaWo 
r-emorane ot FIG to n its rolled up condition and 
m an unexpended state wrth tho pluralty ot micro- 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

SO 

Durhg PTCA procedures it is common to use a dil- 
atation catheter lo expand a diseased area to open tho 
patient's lumen so that blood troely flows. Despse the 
beneficial aspects ol PTCA procedures and its wide- 
ns spread and accoptod uso. it has several drawbacks, in- 
cluding restenosis and possbty acute thrombosis. This 
recurrent stenosis has boon estimated lo occur h sov- 
ontoon to filty porcont ot pationts dosptto tho initial 
PTCA procedure being successful Restenosis is a 

30 complex and not fully understood biological response to 
injury of a vessel which results in chrone hyperplasia of 
the neoimima. Inttmal hyperplasia is activated by growth 
factors which are released in response to injury. Acule 
thrombosis is also a result of vascular injury and re- 

3S quires systemic ontimrombotic drugs ana possibly 
Ihromborytcs as well. This therapy can ncrease Weed- 
ing complications at tho cathotor insertion srto and may 
resul in a longer hospital stay. Another result ol vessel 
injury is acute closure. It occurs in 3-5% of palents rc~ 

40 carving a PTCA procedure and is caused by any one or 
aP of three events, namely thrombosis, vessel dissec- 
tion, and/or elastic recoil. 

Several procedures have developed lo combat res- 
tenosis and acme closure, one ol which b the delivery 

<5 and implanting ol an intravascular stent. Stents are in 
their ckrotopmcmal stage at this point and are being 
used in clncal trials throughout tho United Stales and 
ate regularly implanted v\ patient's in Europe and other 
countries. Generally speaking, the stents can take nu- 

so merous forms, however, il is generally a cylindrical hol- 
low tube that holds open the vascular wall at the area 
lhat has been dilaled by the delation catheter. The use 
of a stent does not always reduce restenosis and can 
aggravate the situation causing acute thrombosis, sub- 

55 acuta thrombosis and intimal hyperplasia In order to nd- 
dross Iho complications ansng from PTCA procoduros 
and the deployment ol intravascular stents. Ihe present 
system tor delivering thorapoulK drugs was developed 
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In one embodiment ot the invent on, and referring 
to FIGS. I and 2A. an olastc mombrano 5 is depictod 
wherein t has a lirst edge 6 and a second edqe 7. In 
FIG, 2 A. elastic membrane 5 has been rotted into a cy- 
lindrical lorm with lirst edge 6 and second edqe 7 at- 
tached in an overlapping relationship as depicted at 
points It may be desirable to pin firtl edge 6 and sec- 
ond edge 7 in anabutthg rehtionsnip (not thown) rather 
than overlapping h order to reduce re overall profile. 

In another preferred embodrmant. as depicted in 
FIG 2B, an elastic membrano 5 ts deeded whoron n 
has a first end 1 and a second end 2 and is a substan- 
tially hollow cylindor. M further has an rwer surface 3 
and an outor suriaco 4 and is qorwaiy ol a unitary na- 
ture. That is. it is formed from a continuous material and 
has no scams or overlapping edges. Vanous moans are 
described below n which a therapeutic aqenl * ncor- 
porntod within elastic membrane so mat it may bo de- 
livered into a patient's vascular system tor the purpose 
of diffusing the therapeutic agent at a controlled rate. 

Expandable membrane 5 may be formed ot any 
suitable material lhat is elastic and ressieni. The mate- 
rial preferably is one that has a high degree of non-trv- 
onnty (plastically delorrreible) lor a wde range of stress 
and strati values (i.e., very low resdual stress), In tho 
preferred embodiment, however, any elastic material 
my bo used, commercially available tubing such as X- 
Flcx'tubhgmaybousod. C-F1c» may bo ootairwd from 
Concept PofymarTachnotogiesof Largo, Florida In ad- 
dition, tho oxpandablo material should havo good tear 
strength to prevent trnctunng or spirting when it a ex- 
panded and stretched. Other suiaole properties tor ex- 
pandable membrane S include low modulus of elasticity, 
high toughness, a high percentage of elongation (at 
least 300%). and minimal icsidual stress after expan- 
sion. Several preferred materials for expandable mem- 
brano 5 are othylono vinyl acetate (EVA) and bbspan. 
Other suitable materials lor expandable membrane S 
also ncludo latexes, urothanes porysikwancs. and 
medfiod styrene^thylene/butylene-ctyrene block co- 
polymers (SEBS) and their associated families as wel 
as elastomeric bioebsorbabie maierels from the linear 
aliphatic polyester group. 

In keeping with ono ombodimorw athampouiic drug 
is combined with Ihe expandable membrane 5 (or ihe 
purposes ol diffusing tho drug into the vessel wall of the 
paliont. For this purposo any thoraooutc drug lor uso vi 
the body can be combined wiin the expandable mem* 
brane (or treatment purposes. For example, Ihorapoutic 
drugs lor treating an injuiod or diseased area in a vessel 
and (or combination with the expanoabie membrane can 
include antiplatelets, antthrombms, and antprohfera- 
lives. Examples of antiplatelets and antrthromblns in- 
clude sodium heparin, LMW heparin, hirudin, hirulog, ar- 
gntroban, torskolfri, vapiprost prostacycln, dcxtran, D- 
pho-prc-arg-chlrjromolhylkolono (synthetic anl- 
thrombin), dipyridamole, gtycoprots*i llb/llla platelet 
membrano receptor antibody, recombinant hirudn. 



thrombin inhibitor (from Btogen) and 7E-3B (antJplatelei 
drug trom Ccntocor). Examples ol an tJprol iterative* in- 
clude anqiopeptn (tomatostaun analogue (rem a 
French company: Ibsen), angiotensin convert rig en- 
zyme inhibitors (Captopot (Squirt)). Cituapnl (Hoff- 
inan-CaRoche) and Lbinoprif (Merit)), calcium channel 
blockers (Nifedipine), cottiictne. fibroblast growth fac- 
tor (FGF) antagonist*. (Mi oi (omega Matty acid), low 
molecular weight heparin (Wyeth. Grycomed), hista- 
mine antagonists, leva* tain (inhixtorof HMG-CoA re- 
ductase, cholesterol towering drug from Mark), meth- 
otrexate, monoclonal antibodies (to PDGF receptor*, 
etc ), nitroprussKJo, prtosprradtosterase hhibftora, pros- 
tacyciri anaioquos, prosUtgiandri nhtbttor (Glaxo), 
seramn (PDGF antagonist), serotonin blockers, ster- 
oids, thioprotoase inrubtors. tnazofopynmidino (PDGF 
antagonist from Japanese company), while Ihe forego- 
ing therapeutic agents have been used to prevent or 
treat restenosis and thrombosis, they are provided by 
way ol example and not meant to be limit hg, as other 
Ihorapoutic drugs may be developed which are equally 
applicable for use wtfh the present invention. 

In keeping wtth the embodsrierrt the therapeutic 
drug a cornbmed win expandable membrane 5 by one 
of sovoral mot hods Tho ihorapoutic drug can be loaded 
inio the expandable membrane by known methods such 
as melt processing, eofvont casing, Injection molding, 
extrusion, coabng or by diffusion/ absorption tech- 
niques Other methods ot rcorporarng a drug tntoa pot- 
ymorc matohal are woO known and ncludo heating 
processes. SuchpmcjesnesnwstbecBrafutfynvnikxsd 
and controlled at temperatures that are low enough to 
prevent degradng the drug. II is important that Ihe ther- 
apeutic drug be able to diffuse out of expandable mem- 
brano 5 and into the patf ears vascular systom a) a con- 
trolled rate once the expandable me mb r a ne is delivered 
to the injured or diseased, area. Thus, tho rate of diffu- 
sion is control led to ht the eveumstances and can range 
Irom a very rBptJottutian to a long term diffusion rate. 

Generally epeatuhg ex pan dable membrano 6 can 
be delivered wrthtn a patient's vascular system by any 
catheter system such as commonly and well known dil- 
atatun catheters having balloon portions al their distal 
lips Thoro aro a wide range of catheter systems avail- 
able, three of which are depicted h FIGS. 3, 4A and 4B. 
In FIG. 3 a rapid cxrhango cafieter system w dopictod 
in FIG. 4A an cvorMho-wo system is dopcted and in 
FIG 4B a perfusion catheter is depicted. For purposes 
ol the present nvention, however, any ot these systems 
sullies md numerous other catheter systems would be 
appropriate, iicfurAng dilatation catheters. Typical dila- 
tation catheter and oertusion balloon catheter systems 
can be found in U S. Patent Nos. 4.323.071 ; 4.516.972: 
5,061.273; 5,137.511 5.195.971, which are incorporat- 
ed hereh by reference. An advantage to using a per- 
fusion baSoco cathotor system is thai Iho balloon can 
reman inflated tor longer penods ot time since it allows 
blood how to contmuo pasJ tho nttafod balloon. 
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While expandable membrane 5 can be mounted di- 
rectly totho bafloon porton of a catheter lor intraluminal 
delivery, the preferred embodiment is to deploy expand- 
nblo membrane 5 in Bio patient's vascular system using 
an intravascular itant. Thus, FIGS. 4A. 4B. 5 and 5A 
illustrate a Blent delivery system which embodies fea- 
tures of the inventcn tor implanting expandable mem- 
brnno S. 

Referring to FIG. 3 the rapid exchange delivery 
systom includes a delivery sheath 1 0 which has an outer 
lumen 11 and an intravascular catheter 12 disposed 
within tho outer lumen 11. Tho intravascular calhotor 
has an otongated catnotor body 1 3 and a balloon 1 4 on 
tho distal portion ot tho catheter body. A manipulating 
daviCB 1 5 is provKfed on the data) end ot the delivery 
syslom which is employed to afloct rolative axial or ton- 
C|-t udmnl movement between the delivery sheath 1 0 and 
the intravascular catheter 12. An expandable stent 16, 
wheri is lo be delivered and mptanted within a patient's 
body lumen, is mounted on the exterior ot the balloon 
14. Tho slant disclosod n U.S. Serial No 08/164,966. 
which is commonly assigned, is sutable for use with the 
present invention. Such stoma aro expandable and do- 
form beyond lhair elaouc Imit to hold open the vessel 
wal in which they are mptanted. 

The delivery sheath 10 has a dstal port 17 in its 
distal end which Is in fluid communication with the outer 
lumen 1 1 and a proximal port is disposed proximally to 
the distal port. Tho dotal portion ot delivery sheath 10 
tapers down in a iphencal-eke manner so that the cross - 
sectional area is somewh a t less in the distal region than 
tho aosa-scctional area ol the rest of tho defcvory 
sheaih. A slit 19 extendi tram the proximal port 18 to a 
location just proximal to the distal port 1 7. 

Tho intravascular catheter 12 has a distal port 20 
ar>d a proximal port 21 wtiiehare n fluid comrnunication 
with a first inner lumon 22 oxtondng within the distal 
portion of (he catheter 12 and being adapted toslidably 
receive a guidowro therein A sin 23 extends from tho 
proximal port 2 1 to a bcatxsn 24 proximal to tho proximal 
end ot balloon 14. The proximal end ot the guidswire 
receiving first inner lumon 22 is provided with a ramp 25 
to guide the proximal ena ol guidewire 26 out of the prox- 
imal port 21 of intravascular catheter 12 when the cath- 
eter is mounted onto the guidewire. as wis be discussed 
hereinafter. A second, much longer inner lumen 27 is 
provided within tho catnotor body 13 lo direct inflation 
fluid from the proximal end ol the catheter body lo the 
inloriorot balloon 14 

Proximal to the proxmat port 21 in catheter body 1 3 
is a strffcning member 28 which is disposed in third inner 
lumen 29 provided wrthn catheter body 13. As shown 
in iho drawings, third inner lumon 29 and first innor lu- 
men 22 may be the same lumen with a plug 30 separat- 
ing the two lumens. The ramp 25 is on the distal side of 
plug 30. 

In a typical slant deployment, expandable mem- 
brano 5 is loaded onto slant 16 so thai It covers tho stent 



without overlapping the ends of tho stent. The expand- 
able membrane and intravascular stent will bo implant- 
ed in a patient's vascular system to treat the diseased 
and rijurod area and to allow sufficient blood flow 

s through the vessel. Thus, as depcled in FIGS 5-8 (fi- 
elding FIGS. 5A and 8A). intravascular stent 16 and 
expandable membrane 5 are implanted in the patient's 
vhscusu system. Typically, In these sfcuHlions there will 
usually be a guklQwire 26 (or other guiding member) 

to when extends acroes the damaged soclion ol the artery 
sucn as shown in FIG. 6 The proximal end of guidewire 
26, which oxtonds oul of iho palionl durng tho onliro 
procoduro is naortod through tho distal port 20 in tho 
distal end ot calhotor 12 and advanced proximally 

a through first inner lumen 22 until the proximal end of the 
gudewio impacts tho ramo 25 and is thor oby directed 
through the proximal port 21 . 

Tho intravascular catheter 12 is proforabty posi- 
tioned wilhn outer lumen 11 ol the delivery ihaalh 10 

& 80 that at least a significant portion of the proxmat port 
19 in tho sheath rs in alignment with tho proximal port 
21 of Ihe intravascular calheler. In this manner, proxmal 
advancomont of tho guidowiro 26 through the innor lu- 
men 22 wil also direct (he proximal end of the guidewire 

25 cw me proxniaJpco 18 in the delrvery sheath. The prox- 
mal end ol the guidewire 26 may (hen be manuaSy held 
to maintain the position of the guidewire within the pa- 
tient's vasculature, while the stent delivery system is ad- 
vanced over the guidewire and through the patient's 

X vascular system. The advancement of the stent dekvery 
. system with expandable membrane 5 mounted thereon 
com rtues until tho distal onds of tho calhotor and sheath 
extend adjacent to or across the injured or diseased ar- 
ea. Next, the manipulator 15 on the proximal end of the 

3S dekvery system rs actuated to move sheath to proximal- 
ty wrth respect to the catheter 12 and thereby expose 
stent 1 & and expandable member 5 which aro mounted 
on balloon 1 4 Thereafter, inflation fluid is directed under 
substantial pressure through inflation lumon 27 in iho 

« calhotor body 13 to iho interior of balloon 14, ihoroby 
expanding the balloon and simultaneously expanding 
stent 16 and oxpandabto mombor 5 against tho vessel 
wall as shown in FIG. 7. Allor balloon 14 is deflated the 
dekvery systems, both sheath 10 and catheter 12. are 

* s then removed Irom (he oat ion I rUong with gutiewtro 26, 
leaving the expanded stent 1 6 press ing against expand- 
able mombor 5 which is in contact wrth iho vessel wail 
as is shown in FIGS. B and 8A 

Tho tnorapoutic drug contained within oxpandaolo 

so membrane 5 can then diffuse directly into the vessel wall 
at tno area ol tho injured or diseased vessel to provide 
treatment. 

I n another embodiment of tho invention , as depicted 
in FIG. 4A an over-tho-wire catheter system is em- 
K ployed to carry the stent 16 and expandable membrane 
5 withn iho patient's vasculature lo iho damaged aroa. 
A guKtawtre 26 is employed to cross a damaged area 
and locate tfie position within tho pationt so that iho m- 
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travascutv catheter can reach the diseased or injured 
area As a typcal in ovor -tho-wiro calhotor systems, tho 
inlravascufer catheter has an outer member 77 and an 
innor mombor 78 which are coaxialfy aligned. Inner 
member 78 has an inner rumen 79 which carries 
guidewire 26. The guxJewte can move freely wihm in- 
ner lumen 79 in an axial direction. The intravascular 
calhetef is slidabfy disposed within sheath 10 in inner 
lumon 1 1. Port 1 7 at the distal end of sheath 10 provides 
an oponng lor the catheter to extend 

The method of deploying expandable membrane 5 
is simitar to (hat dosenbod lor tho rapid oxchango sys- 
tem dose rood abovo and as depicted in FIGS. 3. 5-8. 
and 5A and 8A. Generally, guidowiro 26 is posrtionod at 
a locat on pud oast the tnjurea or diseased area and the 
catheter system s threaded ovor guidowiro 26 so that 
balloon 14, along with stent 16 and expandable mem- 
brano S are poakioned at tho ln|urod or diseased aroa 
Thereafter, balloon 14 is expanded radally outwardly lo 
thereby expand stent 1 6 and expandable mernbrane 5. 
Expandable rnombrano 5 is sandwehod bolwoon tho 
patient's vasculature and stent 18. Balloon 14 is then 
donated and tho cathetor systom is withdrawn from tho 
patient's vascusjlura leaving slent 18 and expandable 
membrane 5 securely implanted in the injured or dis- 
eased area. The therapeutic drugs within expandable 
membrane 5 men diffuse Into the patient's vessel wall 
to treat the injured or diseased area. 

Expandable membrane 5 also can be delivered in- 
traJumreiy oy loading it onto a pertusion-type diatauon 
catheter of the type disclosed in U S. Patent No 
5,195.971 (Sirhan) and as dopctodh FIG. 48. Ono ad- 
vantage m usng a perfusion catheter is that blood con- 
tinue* to flow on both sides of the inflated balloon there- 
by altowng longer balloon inflation times. Thus, as 
shown n f K3. 4B, expandable membrane 6 may be 
loadod directly onto balloon 41 or onto a stent carnod 
by the balloon. Balloon 41 is mounted on tubular exten- 
sion 40 wnch is camod by tho porfusion catheter Tho 
proximal and of balloon 41 is attached to distal section 
42. The perfusion catheterhas an inflation lumen 43 and 
a guidowwa lumon 44. Inflation lumon 43 will carry infla- 
tion fluid lo expand balloon ^41 and expandable mem- 
brane 5. Gueewire tumon 44 wilt receive a guidewire 
(not shown) stmiar to thai depicted in FIG. 4A. In order 
to perma otood to flow continuously while OaSoon 41 is 
oxpanoco. a plurality ol porfusion ports aro incorporat- 
ed. Thus, proxmal perfusion ports 46 and distal per- 
fusion ports 47 permit blood lo flow through guidowiro 
lumen 44 whse balloon 41 and expandable membrane 
5 arc n then expanded condition. Intraluminal dolvory 
and rnptantng are similar to that described for the ovsr- 
ihe-wiro catneter of FIG, 4 A. By using a perfusion -type 
cathetor system, expandable membrane 5 does not 
have to be implanted because It can be delivered and 
oxpenood into contact win Iho vessel wal lor long pe- 
riods of ume without adverse effects lo the patient. 
When the drug has diffused, (ho perfusion balloon is de- 



flated and elastic rnemtxane 5 etastteaiy contracts 
a tang with tho deflated balloon. Tho entire catheter sys- 
lem and elastic membrane 5 are then removed from the 

patient. 

4 in another embodiment of tfie invention, as dapcted 
m FIGS. 9 and 1 0, expandable membrane 5 has a first 
layer 80 and second layer 81 spaced apart. First layer 
Mand second tayerfll are then joined atong their edges 
to form a fluid-tight seal 82 along ell of thoir edges. Both 

io first layer 80 and second layer 61 can be formed from 
any of the expandable and elastic materials described 
aoovo with rospoct lo the elastic mornbrano depicted in 

FIG. 1. 

Bolore joining first tayor 80 to second favor 81. a 
is pturaKy of apertures 84 (holes) are formed tn first htyer 
80 by known methods, such as using a laser or othor 
methods lor mating micro-holes h an elastic mem- 
brane. Holoa 84 are formed In a first layer 60 while It ks 
n stretched condijon so thai when first layer 60 is in a 
» relaxed cond&ton the notes wf I dose to form a flutt-oghl 
scat. 

Once firsl layer 60 and second layer 61 have been 
joined togoihor, they are stretched and a therapeutic 
drug is injected through any of hole* 84 to Til cavity 83 

» which is formed between the two jomed layers. After the 
therapeutic drug ie injected into eavsy 83, the expand- 
able membrane Is relaxed and holes 84 wll then dose 
so that the therapeutic drug is contained within. Expand- 
able membrane 5 aa depicted si FIG. 11 is now reedy 

to lor rolling into a cylmdncaJ configuration 11 also may be 
desirable to roll the membnuie so that the edges abut 
rather than overlap so that tho cylindrical shape has a 
lower profile, 

Delivery of the expandable membrane 5 of FIG. 11 

36 b similar to that described tor the expandable mem- 
brane of FIGS. 1 , 2A and 28. Again referring to the ex- 
pandable membrane of FIG. 11, ncan bo mounted on a 
stent which is mounted on the balloon portion ol the 
catheter. Thereafter, the catheter, along wnh the ex- 

40 pandablo membrane and stent, is dokvorod irrtrafurni- 
naliy as described above. Uhlke the prior descrption 
relating to tho expandable membrane ot FIGS. 2A and 
2B, expanding the expandable membrane 5 of FIG. 11 
will force the therapeutic drug through holes 64 when 

*s Ihe expandable membrane Is expanded by balloon 14 
and stent 16 on which it Is mounted. Thus, as expand- 
able rnombrano 5 gots largor, hotoe 64 bogn to open 
allowing Ihe diffusion ot the therapeutic drug into the pa- 
liont's vessel wall Aa the balloon expands stont 16 ex- 

W panda radially outwardly and I increaaes the pressure 
on expandable membrane 5 end causes yot more of the 
therapeutic drug to diffuse outwardly into the patient's 
vessol wall. Expandable mornbrano 5 to then sand- 
wiched between the vessel wal and stent 16 when bal- 

« toon u is fully expanded and the stem is implanted 
against Iho vessol wall Thus, tho Ihorapeuuc drug is in- 
jecled at the injured or diseased area to provide maxi- 
mum treatment at the specific site. Tho invention elrni- 
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nates systemic levels ot drugs which may well result in 
ncgativo (undcsirablo) sido cflocti such as bloodng 
comohcalons and toxicity The polymer sleeve may also 
he loadod in matrix format to alow lor sustained release 
of me same or a different drug. 

In another embodiment of the invention, as depicted 
m FIG 11 A a pair oJ seamless cylindrical tubes, con- 
ccnlrealry aligned, form expandable membrane 5, An 
inn er tubular member 100 is surrounded by ari outer tu- 
bular member 101 and Ihe ends 102.103 are sealed by 
any known method such as woldrtgor by adhesrves A 
reservoir 104 is tormod botwoon sworand outor tubular 
members 100.101 I Of roccrvng a thorapcutic drug A 
plurality of mcrc-holo* 105 are formed in outor tubular 
member 101 by a laser or other known method. Whrfe 
expandable mombrano 5 ts in a strotchod condition, tho 
therapeutc daiq is njectod into reservoir 104 through 
micro-holes 105. and (horoaftor expandable mcmbrano 
5 is relaxed thereby clostng micro-boles 105 and trap- 
ping the therapeutic drug in reservoir 104. The expand- 
ablo mombrano 5 of FIG. 1 1 A can Inon bo loadod onto 
d stent 16 and implanted aqainsl a vessel wall in the 
same marmor as provdusfy dosenbod tor FIG . 1 1 . Onco 
expandable membrane 5 is expanded, the Ihorapeulc 
drug is injected through mcro-holea 105 directly into the 
vessel wall. 

it should ba understood that wth all of the embod- 
imonts described herein, expandable membrane 5 can 
hIso carry one or more therapeutic drugs in a matrix tor- 
mat For example, again retemng to FIG. 11A, hnef and 
outer tubular members 100.101 each may be landed 
wan ono or mora thorapeutc drugs in a matrix form. 
Whan expandable membrane 5 is implanted as de- 
scribed above, tho therapeutic drugfs) contained in the 
matrix wdl release into the vessel wai at a predeter- 
mned rate. The therapeutic drug in reservoir 104, how- 
ever, will bo injoctod into tho vessel wall rapidly as pre- 
viously described. Thus, by providing a combination of 
drugs wrthn rcsorvoir 104 and in matrix form in inner 
and outor tubular mombers 100.101 , drugs aro contin- 
uously administered at a specific site over a long period 
o) trmo For cxamplo, inner t ubutar member 1 00 can bo 
loaded with a sustained released antithrombotic drug 
since the inner tubular member ts in direct contact with 
blood (low. Tho outer lubutar member 101. which is 
pressed against the vessel wall, is loaded with a sus- 
tained release anlxxoWorauvo drug. Depending on tho 
dmq and the polymer used, tn excess of 40% by weiqhl 
of a drug can bo loadod into tho tubular mombors 

100.101 

In another embodiment ot tho invention, as depicted 
at FIGS. 12 and 13. expandable membrane 5 is sub- 
stantially thicker than previously descrbed, and on tho 
order ot 0.010-0 050 inches. In this embodiment, an 
elastic sheet 90 contains a plurality of micro-pockets 91 
wheh havo a depth ol sovoral rrollmolors, but do not 
extend entirely through sheet 90. Thus, micro-pocksls 
91 each have a bottom 92 and aro hollow tor roccivng 



a therapeutic drug. Micro-pockets 91 can be formed by 
laser drilling or conventional drilling whilo expandable 
membrane 5 is in a stretched con da on. as depicted « 
FIG 12. Theroaftor, the expandable mombrano 5 is ro- 

5 taxed and the micro-pockets 91 close tightly (hereby 
containing the therapeutic drug therein. As depicted in 
FIG. 13, sheet 90 is rolled into a cylindrical lorm so that 
it may be delivered intmajmhaly in Ihe same manner 
as the expandable membrane depcted in FIGS. 3-11. 

ro in the prelened lorm, thenncro-pockete 91 are lilted with 
a therapeutic drug in the form ot microspheres as de- 
scribed horoin, Micro-pockois 9 1 (FIG. 1 3) may bo cov- 
ered with a thin film that wtfl act as a rate kmrttng mom- 
brano (not shown). Such rate imitrng mombranos aro 

>i well known and can be ol the perfusion membrane type, 
or a hydrophilic coating that dissolvos quickly upon ex- 
posure to the pntiont's vessel. Commonly known hy- 
drophilic coatings include hydrogol, glucose, acotaio, 
agar and slarch. Until expandable membrane 5 is ex- 

20 panded, the therapeutic drug in micro-poclcsiB 91 Is 
sealed in by tho rato Imrtng mombrano. Upon expan- 
se of membrane 5, the drug dtffuses from mcro-pock- 
cts 91 through tho rato limrtng membrane at a prede- 
termined rate. The rale ImUnq membrane can be lam- 
inated to sheet 90 as herein described. 

The expandable membrane S depicted in FIG. 12 
need not be formed solely from a flat sheet but also can 
be tormod from a seamless tubular member similar to 
ttiat shown in FIG. 2B In this ernbodtmenl as well hs 

30 wnhFIGS. 12-13 a therapeutic drug can be in the form 
ol a matrix combined with the polymer comprising ex- 
pandable mombrano 5. By loading iho drug into matrix 
lorm, the time during which the drug diffuses into the 
vessel wall can be controlled to allow for various stages 

-J* of disease treatment and recovery. Further, multiple 
drugs in the matrix can bo drflused at rates that coordi- 
nate) with tho particular injury or diseaso to prcvido op- 
timal treatment. The matrix can be dispersed in expand- 
able membrane 5 by known methods including solvent 

40 casting, coating, absorption or mol processing. 

Membrane 5 as described heron can also be made 
irom bioabsorbablo motorola which wril complctoly ab- 
sorb into the patient's vascular system over lime. Mem- 
brane 5 can be made from members or co-members of 

*i (he linear aliphatic polyester tamify, pon/urethanes, and 
composites. 

Tho dimonsions of Iho ntravascuiai calholor do- 
scribed herein will generally totow the dimensions of in- 
travascular cathotors used n angioplasty procoduros in 

so tht same arterial location. Typically, the length of a cath- 
eter for uso in tho coronary ancrioso about 150 cm tho 
outer diameter ot the catheter shaft is about 0.035 inch 
(0.69 mm), tho length of the balloon is typically about 2 
cm. and the inflated diameter ts approximately i to about 

ss 3 mm. 

Tho mat onals ol construct en may bo scloclod from 
Dose used in convent onal balloon angioplasty cathe- 
ters, such as those desenbod n the patent incorporated 
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herein by reference. The delivery sheath will generally 5. 
bo slightly shorter than tho intravascular cathoter, o.g., 
by about Ihe length ol the manipulating device 15. with 
an nnor dnmetcr largo onough to acaynmodato tho in- 
travascular catheter and to allow the catheter tree Ion- a 
gittxftnal movement therein. The sheath and the calhe- 6. 
tor shaft can be made of conventional polyethylene tub- 
ing or any other material as described in the catheter 
patents incorporated herein by reference 

While the present invention has beon described to 
herein in terms ot deliverng an expandable membrane 
and intravascular stent to a dosirod location within a pa- 
tient's vascuiar system tho delrvory system can bo em- 
ployod to dokvor oxpandablo mombranos and/or stents 
to locations withri othor body lumens such ai peripheral ts 7. 
ailonoa and vessots. tho urethra or fallopian tubos, so 
that the stent* can be expanded to maintain the patency 
of these body lumons. Othor areas for implanthg an ox- 8. 
pandable membrane could be iliac arteries, (he aorta, 
or virtually any other body tumen. Various changes and & 
improvements may also bo made to tho invontion with- 
out deparunq from the scope thereof. 



The expandable sheath ol claim 4, wherein said 
catheter system includes* perfusion balloon to per- 
mit fl uids lo Row on both sties ot said poilmcn bal- 
loon whan said pert us on baloon a fully expanded. 

The expandable sheath ol claim 1, wherein said 
meant tor htrntummally dekvering said expandable 
membrane is a catheter havng a proximal end and 
a dotal end, the catheter further having a balloon 
portion at said distal end, an rura vascular stent » 
mounted on said balloon, said expandable mem- 
brane is attached lo said stent to lorm a cylinder 
around said stent. 

The expandable sheath ot cbitm l, wherein sad 
cylindrival member is soamtoss. 

Tho expandable sheath ol claim 1, whoreti said 
expandable membrane further comprises a first 
layer and a second layer, sax) first layer and said 
second layer aro bonded togctior along (nor odgea 
to form a reservoir between me two layers. 



The expandable sheath of dam B. whereh a plu- 
rality of apertures are provided in said first layer. 



1. An expandable sheath tor delivering a therapeutic 
drug in a body lumen, comprising: 

an expandable membrane m the lorm of a cylin- 
drical member and havng a first end and a sec- 
ond end. 

a therapeutic drug combined with said expand- 
able membrane; 

means for titralurronaJlydelrvering and expand- 
ing sad expandable membrane in Ihe body 
lumen so that said thorapcutic drug can bo 
eluted Bl a specific site in the body lumen. 

2. Tho oxpandablo shoalh of clam t. whoroin said 
expandable membrane is made from materials 
taken from tho group of materials consistxig ot tho 
linear nliphaiic polyosler (amify, poly ure thanes, 
latexes, urethanes. pofysiloxanes, ethylene vinyl 
;icotHle, ana modiliod slyrene-etnylene/butylena- 
styrene block ccoorymers (SEBS). 

3. The expandable sheath ol claim 1 . wherein said 
thorapoutic drug is combmod with said oxpandablo 
membrane n a matrix by any process of solvent 
casting, coating, molt processing, or absorption. 

4. Tho oxpandablo sheath of claim t. whoroin said 
means fa ntralurronatly delivering said expandable 
membrane is a catheter system having a proximal 
ond and a distal end, tho cathotor furthor havng a 
balloon portion at said distal end with said oxpand- 
ablo mombrano affixed to said balloon portion. 



10. The expandable sheath of claim 9, wherein said 
apertures are tormod in said nrst layer by a laser 
when said expandable rnemorane ts in a stretched 

condition. 

11. Tho oxpandablo sheath ot dan 10, whoroin said 
therapeutic d/ug is loaded nio said reservoir 
through said apertures when said membrane is in 

as said stretched condition. 

12. Tho oxpandablo sheath of claim 11, wherein said 
expandable membrane retans sad therapeutic 
drug within said reserve* when said mombrano is 

^e in a relaxed condition. 

13. Tho oxpandablo sheath ot dam 12, whcrofi sad 
membrane is rolled into a cytmder so that said lirel 
edge and said second eoge overlap and are 

« attached to each other. 

14. Tho oxpandablo shoalh ot dam 12. whoroin sad 
membrane is rolled into a cywwer so that sad first 
odgo and said second odoo abut and aro attached 

W to each other. 

15. The expandable sheath ot claim 13, wherein tad 
expandable membrane is attached to a baloon por- 
tion of a catheter lor intravascular transport and 

ss delivery to a specific site in the body lumen. 

16. The expandable sheath of dam 15, wherein sad 
baloon portion of said catneter expands, thereby 
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expanding said expandable membrane and forcing 
said thorapoutc drug n tad reservoir to diffuse 
through laid apertures and into the lumen wall. 

17. The expandable sheath ot claim 1. wherein said 
expandable membrane is bioabtorbabte, 

18. An expandable sheath lor delivering a therapeutic 
drug in a body lumen, comprising: 

an expandable membrane having a first layer 
andasocondlaycr said lire! lay or and satd soc- 
ond layer affixed to each othor along their 
edges to form a drug-containing reservoir 
bolween the iwo myors; 
a plurality of apertures on said first layer 
through which a therapeutic drug can dill use 
from wfthtn said drug-containkig reservoir, said 
plurality ot apertures remaining open when said 
first layer is in a stretched condition and said 
apertures tightly closing when said first layer is 
in a relaxed condition. 

19. The expandable sheath of claim 1 or claim 18. 
wherein said thorapoulic drug is tatcon from tho 
group consisting of antiplatelets, antilhrombins. and 
nntlproilforairves 

20. The expandable sheath or claim 18. further compro- 
mising a catheter havng a proximal end and a distal 
end, the catheter further having an expandable bal- 
loon portion at its distal end and an intravascular 
stent mounted thereon, said expandable mem- 
brane is airtxed to said stent by rolling said expand- 
able membrane to form a cylinder around said intra- 
vascular stent. 

21. The expandable sheath of claim 20, wherein said 
expandable balloon is expanded from a first diam- 
eter (oaeeccod en largeddiameter thereby expand- 
ing said stent and said expandable membrane so 
that said stent and said expandable membrane are 
implanted in the body lumen. 

22. The expandable sheath of claim 21, wherein said 
plurality of apertures on said first layer open when 
said expandable membrane is expanded by said 
oxpandable balloon and intravascular stent, so that 
as said plurality ol aporturos opon tho thorapoutic 
drug will diffuse Irom within said drug-coniaiiing 
reservoir to sax) body lumen. 

23. Tho expandable sheath of chim B or claim 18. 
whorom said first layer has an outer surface loaded 
with a sustained release therapeutic drug so that 
when said outer surlaco contacts the body lumon 
said drug wil drtluse into (he body lumon at a pre- 
determined rsto 



24. Tho expandable sheath ot daim 23. wherein said 
sustained leloaso thorapoutc drug is an entprolif- 
erdlive drug. 

* 25. Tha expandable sheath of claim 8 or claim 18, 
wherein ud second tayer has an inner surface in 
con lad win blood flow, said nner surface loaded 
with a susuified release antithrombotic drug for dif- 
fusing into tho blood at a predetermined rate. 

to 

26. An expandable sheath tor delivering a therapeutc 
drug m a body Kimon, oompnsing: 

an expandable membrane in tho form of a cytin- 
1S d roil member having a lust end and « second 

end and a lumen therethrough: 
a therapeutic drug combined with saxJ expand- 
able membrane; 

a catneier system for intmlumtnally deltvenng 
and expanding said oxpandabto membrane In 
me body lumen, said catheter systom having a 
d istal end and a proximal end and a balloon por- 
tion at tax) distal end; and 
means tor feeding said expandable membrane 
25 on sax) oaltoon port on on sax) catheter system 

so that whan said Da loon portion is inflated said 
baBoon portion will expand rodlatry outwardly 
thereby expanding said oxpandable membrano 
into contact with said body lumen so that said 
30 therapeutc drug can bo etutod at a specific srto 

in the body lumen. 

27. The expandabte sheath ot claim 26. wherein said 
balloon portion of said catheter is a perfusion bal- 

« loon permuting blood now on either side of said per- 
fusion balloon when said perfusion baloon is fully 
expanded. 

28. The expandable sheath ot claim 26, wherein said 
40 expandable membrane has a low modulus of otas- 

licity and can expand to at least 300% of its initial 
sizo. 

29. An oxpandablo sheath tor delivering a thorapoutc 
*i drug in a body lumen, oompnsing: 

an expandable membrane in the lormof a cylin- 
d real member and having an mer surface and 
an outer surlaco; 
« a piuraily ol micro-pockets disbursed upon 

sax) outer surface but not penotratmg through 
to sax) inner surface; 

a therapeutic drug tor kvtdng into said micro- 
pockets; and 

m means forintralumirullydeirvenhgartiexpand- 

ing said expandabto membrane in tho body 
lumen so thai said therapeutc drug can be 
etutod at a spocfic srto in tho body lumon. 
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30. The expandable sheath of claim 29, wherein said 
piurabty ot mcro-pooxcts a/a covorod by a rato (ro- 
iling membrane so (hat as expandable membrane 
is expanded, sax) therapeutic drug dflusos trom 
said micro-pockeli and through said rate limiting * 
mambmne at a predetermined rale. 



to 
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